L umbar spinal stenosis (LSS) is the most frequent indication for spine surgery in patients older than 65 years. 1 The definition of LSS by the North American Spine Society ''[. . .] diminished space available for the neural and vascular elements in the lumbar spine secondary to degenerative changes in the spinal canal. When symptomatic, this causes a variable clinical syndrome of gluteal and/or lower extremity pain and/or fatigue which may occur with or without back pain. [. . .]'' includes both clinical (neurogenic claudication) and radiological (morphological abnormalities) criteria. 2 At present, the relationship between abnormal magnetic resonance imaging (MRI) findings and pain is still debated. [3] [4] [5] [6] [7] It has been shown that symptoms often poorly correlate with radiologic findings. 4 Ishimoto et al. 8 reported that a substantial number of asymptomatic persons showed a moderate or even severe
MATERIALS AND METHODS
The approach to answer the study questions uses a two-step approach. First, we conducted a systematic literature search to identify clinically relevant MRI parameters in patients with LSS. Second, we addressed the study question with a thorough descriptive and graphical analysis to establish a relationship between MRI parameters and pain using data of the first 150 patients of the LSS outcome study (LSOS) who had an MR image. The LSOS is a multicenter prospective cohort study that includes patients with neurogenic claudication and findings of LSS in MRI. 10 The LSOS was conducted in compliance with all international laws and regulations as well as any applicable guidelines. The study was approved by the independent Ethics Committee of the Canton Zurich (KEK-ZH-NR: 2010-0395/0).
Step 1: Systematic Literature Review
Literature Search
We identified all studies meeting our eligibility criteria (defined in detail below) published in the last 15 years. The following databases were searched in May 2014: Cochrane Library, Embase, and Medline. The search was conducted by an experienced librarian. Search terms included various terms for MRI (e.g., MRI) and questionnaires to assess pain (e.g., Spinal Stenosis Measure). The detailed search strategy in Embase is shown in Appendix 1, http://links.lww.com/BRS/B125. In addition, bibliographies of included studies relevant to the research question were searched and potential eligible references included in the full-text review.
Eligibility Criteria
All studies were considered eligible for inclusion in further analyses that met the following criteria: the term ''stenosis'' must be mentioned in title or abstract, assessed the relationship between MRI parameters, and validated questionnaires on pain in patients with symptomatic LSS. Studies were included if they were published within the last 15 years. No limits for the study setting or language of the publication were applied. Excluded were studies with patients of an age younger than 50 years, receiving or received any treatment, with neoplasia/cancer, fractures, injuries, infectious spine diseases, fibromyalgia, syndromes (e.g., Marfan syndrome), tuberculosis, cervical and thoracic spinal disorders, and examined/investigated by SPECT (single-photon emission computed tomography).
Study Selection, Data Extraction, and Synthesis
The bibliographic details of all retrieved articles were stored in an EndNote file.
11 Two reviewers (JB and UH) independently screened all references by title and abstract. The full text of included studies was reviewed by both reviewers independently (JB and UH). Disagreements were discussed and resolved by consensus or by third-party arbitration (JS). Alternative researchers with specific language proficiencies were used for non-English language references. In case of several publications for the same cohort without change in outcome or follow-up duration, the most recent publication was chosen and missing information from the previous publication was added.
The search and inclusion/exclusion process is summarized in Figure 1 . Out of 2030 records, 73 were reviewed in full text. For the final analysis, we could include four publications. Reasons for the exclusion of 69 studies are provided in Figure 1 .
Step 2: Evaluation of Association Between Pain and MRI Parameters in Patients of the LSOS Study
Patient Selection
The Lumbar Stenosis Outcome Study (LSOS) was conducted at eight medical centers (with approximately two million inhabitants in the catchment area) with Rheumatology and Spine Surgery Units in Switzerland. Patients with a history of neurogenic claudication and LSS verified by MRI or computer tomography (CT) were eligible. Patients had no evidence of stenosis caused by tumor, fracture, infection, or significant deformity (>158 lumbar scoliosis), and were aged 50 years or more. None of the patients had prior lumbar spine surgery. Furthermore, patients had no clinical peripheral artery occlusive disease (confirmed by a vascular specialist in patients without palpable pulses in the lower limb).
MRI Parameters
Data on 23 different MRI parameters, prospectively measured in each of the five lumbar spine levels, were available for each patient. The image analysis started at the superior endplate of the L1 and ended at the level of the vertebral disc L5/S1. Parameters, such as the compromise of the central zone, were assessed for each level at the height of the most severe stenosis, typically at the intervertebral disc level (e.g., L3/L4). Other parameters, such as vertebral body fracture, were evaluated at the corresponding vertebral body level (e.g., L3). The 23 parameters were measured in the context of the LSOS study because they were identified as important parameters before the start of LSOS in a consensus meeting among experts in the field. 12 The list of parameters is shown in Appendix 2, http://links.lww.com/ BRS/B125. Among those 23 parameters, Andreisek et al. 
Definition of Outcome Measures (Pain)
The instrument to quantify the outcome in the LSOS study is the pain domain of the Spinal Stenosis Measure (SSM) (also known as Swiss Spinal Stenosis Questionnaire, Zurich Claudication Questionnaire, or Brigham Spinal Stenosis Questionnaire) 13 a validated self-administered questionnaire for patients with LSS. We did not restrict our pain outcomes to the SSM, but included all relevant and validated questionnaires in the literature review. Among others, these included the Numeric Rating Scale (NRS), the visual analog scale (VAS), and the McGill Pain Questionnaire (MPQ).
Subscales of the Spinal Stenosis Measure
There are three subscales of the Spinal Stenosis Measure (SSM): the symptom severity scale (seven items), the physical function scale (five items), and the satisfaction scale (six items). The symptom severity scale consists of two subdomains: pain domain (three items) and neuroischemic (four items). The SSM has been shown to be reproducible, internally consistent, valid, and reliable. The internal consistency ranged from 0.64 to 0.92, the test-retest reliability from 0.82 to 0.96. 13, 14 For the evaluation in this paper, we focused on pain subdomain of the SSM (SSM pain), ranging from 1 to 5 (best-worst). Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
Numeric Rating Scale
The Numeric Rating Scale (NRS) is used for general assessment of LSS symptoms such as lower back and/or leg pain and discomfort. Score range from 0 to 10 (best-worst).
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Association Between SSM Pain/NRS and MRI Parameters For each patient, there was one single value for each SSM pain and NRS, but MRI parameters were evaluated on five spinal levels (L1-L5). First, we searched for associations between MRI parameters in all five levels (full analysis). Second, we reduced each of the MRI parameters individually to the level with the most prominent value (restricted analysis).
Statistical Analysis
We used descriptive statistics for the clinical findings, sociodemographic variables, and MRI parameters. For continuous variables, median and interquartile ranges (IQRs) were calculated; categorical variables were displayed as number and percentage of total. Graphical representations including scatter plots and Spearman correlation coefficients were used to search for an association between SSM pain/NRS and MRI measurements at baseline. Analyses were performed using the R statistical software for Windows (Version 3.2.2, Vienna, Austria). 17 
RESULTS

Findings From the Systematic Review of the Literature
Study Characteristics
We identified two studies, including 138 patients, published 2011 and 2012, demonstrating an association between MRI parameters and pain. We identified two further studies, including 144 patients, published 2007 and 2013, which showed no association between MRI parameters and pain. Table 1 summarizes the MRI and clinical parameters as well as the applied statistical method and the author's conclusion for both studies that found a relation. One study 18 used the degree (none, mild, moderate, severe) of stenosis (overall, central, lateral recess, foramen) as MRI parameter, the other study 7 the cross-sectional area (mm 2 ) of the dural sac. In both studies, VAS was used to quantify pain. The statistical methods were different between both studies. Table 2 summarizes the relevant information from the studies showing no association. One study 3 used the anteroposterior spinal canal diameter and the other study 6 a grading of canal stenosis (ratio: cerebrospinal fluid/rootlet, based on the method by Schizas et al. 19 ) as MRI parameters. The former assessed pain with VAS, whereas the latter used the MPQ.
Findings
Association Between SSM Pain/NRS and Most Prominent MRI Parameters in Patients of the LSOS Study
Patient Characteristics A total of 150 patients were included in this analysis (Table 3) . Median patient age was 75 years (IQR: 67-80). Seventy-six patients were female (50.7%), and 99 (66%) suffered from symptoms more than 12 months. Of the study population, 101 (67.3%) patients hold higher education degree (no university) and 17 (11.3%) hold a university degree. Median SSM pain was 4 (IQR: 3.3-4), and median NRS value was 7 (IQR: 5-8).
Results from Lumbar Spine MRIs
Descriptive statistics for radiologic parameters indicating LSS of the 150 patients are summarized in Table 4 . To assess relationships between segment-wise MRI readouts and pain outcomes, we started with calculating Spearman correlation coefficients. In addition, we produced scatterplots of these pairs. We only found very weak correlations between any MRI parameters and clinical outcomes. We restricted the analysis to the most prominent segment for the five core 
DISCUSSION Main Findings
The results of this paper are twofold. In the systematic review, including four papers about the associations between radiological findings in the MRI and pain, the authors of two articles reported no association and two of them did. Lavelle et al. 18 stated that the degree of stenosis, assessed by spine surgeons in the MRI, was associated with leg pain quantified by a VAS. Sigmundsson et al. 7 reported a weak correlation between leg/back pain (VAS) and the size of the dural sac area. In the data of the LSOS study, we could not identify a statistically relevant association between any of the multiple MRI parameters and buttock, leg, and back pain, quantified by SSM pain. Even by restricting the analysis to the level of the lumbar spine with the most prominent radiological ''stenosis,'' no relevant association could be shown.
In contrast to our analysis, the four studies 3, 6, 7, 18 included in the systematic review assessed only up to three different MRI parameters with various clinical outcomes. The results of our study support the results of at least two of the earlier studies, 3, 6 whereas the other two studies found no strong associations.
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Implications for Practice
In some patients, the diagnosis of LSS is straightforward. At least in patients who complain about neurogenic claudication-pain in buttocks and/or legs provoked by walking or standing and relieved by sitting an bending forward-and a stenosis on only one spinal level verified by MRI. In such cases, it seems reasonable to assume that the singular narrowing causes the symptoms and surgical decompression on the corresponding level will relieve symptoms of the patient with high probability. In many patients with neurgenic claudication, the lumbar spine MRI shows not a singular stenosis, but rather stenoses on more than one level. In the SPORT trial, about 60% of included patients had moderate or severe stenoses on two or more levels of the lumbar spine. 20 In the LSOS cohort, 43% had stenoses on more than one level. These multilocular stenoses in the MRI are a major challenge for the surgeons. So far, MRI findings seem not to be very helpful to tell the surgeon which radiological findings are causal for the symptoms what makes it difficult to decide which stenoses the surgeon needs to decompress. The nonexistent or weak association between radiological findings and symptoms might explain to some extent that more than onethird of patients report no clinically relevant improvement after surgery.
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Implications for Research
It is crucial to understand the causal associations between clinical symptoms and radiologic findings, in particular for spine surgeons in planning the kind of surgery. Multiple dependencies between the MRI parameters, measured at each of five spinal levels, require variable selection before model fitting. Due to the large number of potential multiple models, more sophisticated statistical methods such as machine learning approaches or model averaging could be applied. Furthermore, other imaging procedures should be considered. The spinal canal is a dynamic structure and the diameters vary by changing posture and by bodily activities. 6 Consequently, a static image of the lumbar canal in the supine (position) may not represent the dimensions of the spinal canal during standing or walking. Another approach to get to know more about why these patients suffer from intermittent episodes of pain could be the assessment of blood circulation in the spinal region or the functional assessment of the nerve roots and peripheral nerves. It is assumed and some evidence supports the thesis that obstruction of the blood circulation-arterial and/or venous-is causal for the intermittent character of the pain. 22 Nerve function might be assessed by new imaging modalities such as high-resolution MR neurography or diffusion tensor imaging. 23, 24 These latter approaches might raise the question whether morphological-based MRI parameters represent valuable biomarkers at all.
Strengths and Limitations
One limitation of this study is that different MRI scanners were in charge for the image acquisition of the multicenter LSOS study, which could have led to some bias, as only standard sagittal T1 and T2-weighted as well as axial T2-weighted images were available for image analysis. Fatsuppressed fluid-sensitive MR images are considered standard of care for lumbar spine imaging, but they have not been implemented in all participating study centers of the LSOS study and were thus not considered mandatory for this study population. However, with respect to the recent literature and to our own experience, we recommend the inclusion of fluid-sensitive MRI sequences [such as short-Tau inversion recovery (STIR) sequences] in patients with known or suspected LSS to detect unexpected subtle fractures, tumor involvement, or Modic 1 end-plate changes of the lumbar spine. [25] [26] [27] Furthermore, MRI scans were performed in a supine position that is currently standard of care. In addition, we did not investigate into the inter-reader reliability of the MRI image analysis.
Our study has several strengths. The 23 MRI parameters that we used for the evaluation of our own data were predefined in an international consensus meeting 12 and based on the best available evidence in the literature. [28] [29] [30] Compared with studies analyzed in the systematic review, our approach included eight different MRI parameters. In addition to the frequently used NRS or VAS, respectively, our study was the only one that measured pain with the pain domain subscale of the SSM as recommended by the North American Spine Society (NASS) 31 to be the ''gold standard'' to quantify complaints in patients with LSS. However, complaints of pain severity are extremely subjective and dependent on the individual processing of nociceptive information. 32 ,33 
CONCLUSION
Despite a thorough analysis of the data, we were not able to prove any correlation between radiological findings (MRI) and the severity of pain. There is a need for innovative ''methods/techniques'' to learn more about the causal relationship between radiological findings and the patients' pain-related complaints.
Key Points
At present, the relationship between abnormal magnetic resonance imaging (MRI) findings and pain in patients with lumbar spinal stenosis is still unclear. In the systematic review resulting in the inclusion of four papers about the associations between radiological findings with MRI and pain, the authors of two articles reported no association, whereas the other two found statistically significant nevertheless no strong associations. In the data of the LSOS study, we could not identify a relevant association in pairwise comparison between any of the MRI parameters and buttock, leg, and back pain, quantified by the Spinal Stenosis Measure (SSM) and the Numeric Rating Scale (NRS), despite a thorough analysis. There is a need for innovative ''methods/ techniques'' to learn more about the causal relationship between radiological findings and the patients' pain-related complaints.
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